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Deleterious BRCA1/2 mutation is an 
independent risk factor for carboplatin 
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Background: We tested the hypothesis that BRCA1/2 mutation carriers with ovarian cancer are at higher risk of carboplatin 
hypersensitivity reactions (HSRs). 

Methods: Medical records of women enrolled in two carboplatin + olaparib clinical trials (NCT01237067/NCT01445418) were 
reviewed. A maximum of eight cycles containing carboplatin were administered. 

Results: All women {N = 87) had good performance status and end-organ function. Incidences of carboplatin HSR before 
enrolment and on study were 17% and 21%, respectively. Most patients who developed carboplatin HSR had a deleterious 
BRCA1/2 mutation (93%) vs 50% in patients without HSR (P<0.0001). Multivariable analysis accounting for potential confounding 
variables including age, history of allergies, and cumulative prior carboplatin cycles confirmed deleterious BRCA1/2 mutation as 
an independent risk factor for carboplatin HSR (odds ratio 13.1 (95% confidence interval 2.6-65.4), P = 0.0017). Mutation carriers 
had onset of carboplatin HSR at lower cumulative exposure (P = 0.003). No significant difference in outcome was observed on our 
study between patients with and without a history of HSR. 

Conclusion: Deleterious BRCA1/2 mutation increased susceptibility and shortened time to carboplatin HSR, independently of 
other reported factors. These data suggest that at-risk women should be counselled regarding likelihood, symptoms, and 
potential earlier onset of carboplatin HSRs. 



Cisplatin and carboplatin, elemental platinum-based chemo- 
therapeutic agents, are cornerstones of gynaecologic cancer 
treatment. Comparable efficacy and reduced renal and neurotoxi- 
city have led to broad international use of carboplatin. Carboplatin, 
in combination with paclitaxel, is now the standard front-line 
treatment for ovarian, tubal, and peritoneal carcinomas, following 
cytoreductive surgery or in neoadjuvant therapy (Ozols et at, 2003; 
Vergote et at, 2010); it also is being evaluated in intraperitoneal 
adjuvant treatment regimens. Carboplatin is the preferred agent in 
combination regimens for women with platinum -sensitive recur- 
rent ovarian, tubal, and peritoneal cancers. In addition, it is being 



examined in on-going clinical trial in combination with investi- 
gational agents targeting the tumour microenvironment, DNA 
damage and repair, and/or cell cycle-specific categories, such as 
angiogenesis inhibitors (Burger et al, 2011) and poly ADP ribose 
polymerase (PARP) inhibitors. 

Carboplatin is generally well tolerated despite its cumulative 
bone marrow toxicity. Reports of hypersensitivity reactions (HSRs) 
to carboplatin have increased with the rise in its repetitive use in 
many cancer patients. Incidence of carboplatin HSR ranges from 
8 to 16% (Markman et al, 1999; Polyzos et al, 2001; Koshiba et al, 
2009) and can be as high as 44% in the second- and third-line 
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settings (Morgan et al, 1994). Symptoms and signs of this allergic 
reaction include mild rash to diffuse erythroderma, pruritus, 
urticaria, angioedema, tachycardia, chest tightness, bronchospasm, 
dyspnea, and at the severe end, cardiopulmonary collapse. Women 
who experience moderate-to-severe HSR, defined by lack of or 
limited improvement of symptoms with interruption of carbo- 
platin infusion (Markman et at, 1999), often have platinum therapy 
discontinued. Many may not be re- challenged, despite potential 
clinical benefit and published regimens of premedication and 
gradual increased drug exposure. Thus, the development of reliable 
parameters with which to identify those at highest risk for HSR has 
become an important clinical need. 

Deleterious germline BRCAl/2 mutations (BRCAl/2'^''*) 
account for up to 17% of the tubo-ovarian cancer population 
(TCGARNetwork, 2011). These patients have increased thera- 
peutic susceptibility to platinums (Alsop et al, 2012) and thus often 
receive multiple lines of platinum-based chemotherapy. We 
hypothesised that this repetitive and potentially higher lifetime 
platinum exposure may put BRCA mutation carriers with tubo- 
ovarian cancer at higher risk for platinum HSR. We examined this 
hypothesis in our cohort of sporadic high-grade serous and 
BRCAl/2"^^*-positive ovarian cancer patients who received the 
combination of carboplatin and olaparib, a PARP inhibitor. 



MATERIALS AND METHODS 



Patient eligibility and treatment. Eligible patients for this 
analysis had ovarian, fallopian tube, and primary peritoneal carci- 
noma, were enrolled in one of two IRB-approved carboplatin + 
olaparib studies at the Medical Oncology Branch of the National 
Cancer Institute (NCI; NCT01237067 and NCT01445418), and 
received at least one attempted infusion of carboplatin. Trial 
eligibility criteria included recurrent disease, an Eastern Coopera- 
tive Oncology Group performance status of 0-2, adequate end- 
organ function, and measurable or evaluable disease. Patients with 
both platinum -refractory and -resistant disease were eligible. All 
patients had prior platinum treatment and were at least 6 months 
from their last platinum therapy. Patients with a documented 
history of life-threatening (grade 4) HSR to carboplatin or cisplatin 
were excluded from the clinical trials for safety. NCI Common 
Toxicity Criteria for Adverse Events (CTCAE) 4.0 (Bethesda, MD, 
USA) was used to characterise and grade adverse events. 

Patients received the combination of intravenous carboplatin 
(AUC 3-5) and oral olaparib (100-400 mg every 12 hr in either 
capsule or tablet formulation) for a maximum of 8 cycles, followed 
by olaparib (100-4000-400f intravenous carboplatin (AUC 3-5) 
aeight cycles, followed by olaparib single- agent maintenance 
therapy until disease progression. Women with a documented 
history of mild-to-moderate HSR received premedication with 
methylprednisolone, ranitidine, and diphenhydramine, and a slow- 
infusion protocol (Lee et al 2004). Patients developing carboplatin 
HSR (grades 1-3) on trial received the premedicated progressive 
infusion protocol on subsequent carboplatin infusions. If the HSR 
was grade 4 or recurrent despite premedication and slow 
progressive infusion, carboplatin was discontinued in favour of 
olaparib monotherapy. 

Data collection. Clinical data collected included demographics, 
tumour type, stage, prior platinum therapies, medication and 
environmental factors allergy history, adverse events, and therapy 
response. Platinum-free interval was defined as the time between 
the last cycle of the previous platinum chemotherapy and the first 
carboplatin infusion on trial. Medical records were reviewed to 
detail carboplatin HSR documented before enrolment, and to 
characterise carboplatin HSR occurring on trial. 



BRCA 1/2"^^* status was obtained as part of the clinical trial 
enrolment, and sources included the patient's genetic test results, 
and in one case, deleterious mutation risk outcome estimates using 
the BRCAPro model (BayesMendel Lab, http://bcb.dfci.harvard. 
edu/bayesmendel/brcapro.php). BRCAPro >30% was defined as a 
high-risk equivalent by the trial (NCTO 14454 18). Family history 
was reviewed for eight patients with neither a genetic nor 
BRCAPro test result to verify the absence of significant family 
history of breast and ovarian cancer, risk as defined by US 
Preventive Services Task Force (USPSTF, 2005). These patients 
were classified as BRCA negative. 

Statistical analysis. Summary univariable statistics were reported 
as medians and ranges for continuous variables, and values and 
percentages for categorical variables. Cohorts of patients were 
compared using the Student's ^-test for continuous variables and 
Fisher's exact test for categorical variables, to assess for potential 
predictive factors for carboplatin HSR. Comparisons were two- 
sided assuming unequal variance, and P- values of <0.05 were 
considered statistically significant, without adjustment for 
multiple comparisons. Multivariable logistic regression analyses 
were conducted to adjust for potential confounders. Kaplan-Meier 
statistics were used to examine the role of BRCAl/2"^^*-associated 
cumulative risk for carboplatin HSR and the role of HSR status on 
progression-free survival. All statistical analyses were conducted 
using SAS (version 9.3; SAS Institute Inc., Cary, NC, USA), with 
the exception of Kaplan-Meier and log-rank analyses, which 
were generated using GraphPad Prism (version 5.0d; GraphPad 
Software, Inc., La Jolla, CA, USA). 



RESULTS 



Patient characteristics. Records were analysed for 87 patients 
with primary diagnoses of high-grade recurrent ovarian, fallopian 
tube, and primary peritoneal carcinoma who initiated at least one 
cycle of carboplatin in combination with olaparib per clinical trial 
protocol (Table 1). The median age was 56 years (range: 27-80) 
and all patients had received platinum-based therapy before 
enrolment, almost all in combination with paclitaxel or docetaxel 
and a few patients with gemcitabine, doxorubicin, or bevacizumab. 
Patients had received a median of 9 total prior carboplatin cycles, 
and 12 prior platinum cycles (cisplatin and carboplatin). 
One patient had received oxaliplatin in combination with cyclo- 
phosphamide and gemcitabine before enrolment in the current 
trial; the number of oxaliplatin cycles could not be ascertained 
from the medical records and as such, her oxaliplatin cycles were 
excluded from the platinum cycle calculation. The median 
platinum-free interval from last platinum exposure was 15.9 
months (5.7-82.4). In this cohort, 55 patients had a deleterious 
BRCAl/2^''*, and 1 patient had a positive BRCAPro (risk = 68%). 
Thus, 56 out of 87 patients (64%) had a high-risk BRCA status. 

Prior history of carboplatin HSR and HSR on trial. Carboplatin 
HSR frequency, both before enrolment and on study, was 
determined. Reaction to carboplatin before trial enrolment was 
identified in 17% (15 out of 87) of patients, and ranged from a mild 
rash or localised pruritus to hypotension and anaphylaxis without 
life-threatening consequences (grades 1-3). For safety, these 
patients received premedication and underwent a slow progressive 
carboplatin infusion as described in Materials and Methods 
section. Once enrolled, 21% (18 out of 87) of patients developed 
carboplatin HSR, 22% (4 out of 18) of whom had a prior history of 
carboplatin HSR and reacted despite the safety precautions. Thus, 
the overall incidence of carboplatin HSR at any point in the 
patient's oncologic history was 33% (29 out of 87). Given that only 
4 out of 15 patients with a prior history developed HSR on trial, 
prior history of carboplatin HSR was not predictive of HSR on 
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Table 1. Patient characteristics 




All patients 




N=87 (%/range) 


Median age 


56 (27-80) 


Tumour type 


Ovarian epithelial 
Fallopian tube 
Primary peritoneal 


80 (92.0) 
2 (2.3) 
5 (5.7) 


Stage 


II 
III 
IV 


5 (5.7) 
48(55.2) 
34 (39.1) 


BRCA mutation status^ 


BRCA1 
BRCA2 

Any BRCA mutation 
Negative 


44 (50.6) 
12 (13.8) 
56 (64.4) 
31 (35.6) 


History of allergy to medications, environmental 
factors, foods, and type IV contrast 


44 (50.6) 


Median platinum-free interval in months 


15.9 (5.7-82.4) 


Median number of prior carboplatin regimens 


2 (0-6) 


Median number of prior carboplatin cycles 


9 (0-42) 


Median number of prior platinum regimens'^ 


2(1-6) 


Median number of prior platinum cycles'^ 


12 (2-42) 


^One patient had both BRCA1 and 2 mutation and is counted once in 'any BRCA mutation' 
cohort; one patient had a BRCAPro of 68% and is counted in 'any BRCA mutation' cohort, 
but not in either of 'BRCA1' or 'BRCA2' cohorts. 

'^Includes both carboplatin and cisplatin chemotherapy. One patient received 3 months of 
oxaliplatin/gemcitabine/cyclophosphamide therapy before enrolment of our trial, but 
details were not available and excluded from the total platinum calculations. 



Study when the patients were given a speciaUsed administration 
program. 

CUnical parameters, signs, and symptoms, as well as clinical 
outcomes were evaluated for the 18 patients who developed HSR 
on trial. Those patients had a median of 2 cycles on study and 11.5 
cumulative carboplatin cycles at the time of their initial on-trial 
HSR. The most common reaction symptoms were pruritus and 
rash (89% and 78%, respectively); other signs and symptoms are 
described in Table 2. A relatively similar proportion of patients 
experienced grades 1, 2, and 3 HSR on study (33%, 39%, and 28%, 
respectively). Grade 3 reactions are defined as a prolonged 
reaction, recurrence of symptoms following initial improvement, 
and/or hospitalisation for clinical sequelae in the NCI CTCAE 
version 4.0. In addition to the common symptoms, many of these 
patients had one or more symptoms of chest tightness, hypoten- 
sion, and dyspnea, and were managed by stopping carbo- 
platin infusion and initiating intravenous fluids, ranitidine, 
diphenhydramine, and/or steroids with close monitoring in the 
ICU as deemed necessary. 

In all, 17 of the 18 patients completed their infusion at the time 
of initial HSR on study after initiation of supportive management 
with intravenous diphenhydramine, ranitidine, and/or methyl - 
prednisolone as needed, followed by a slow-infusion protocol. 
Carboplatin was discontinued in one patient because of concurrent 
grade 2 elevated creatinine unresponsive to hydration. Seventeen 
patients with HSR on study were rechallenged on subsequent 
cycles, and four additional patients (total 5, 28%) eventually had to 
discontinue carboplatin treatments before the eight cycle 
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Table 2. On-study HSR reaction characteristics 






HSR on study 




N=^8 (%/range) 


Grade 


1 


6 (33.3) 


2 


7 (38.9) 


3 


5 (27.8) 


Symptoms 


Pruritus 


16 (88.9) 


Rash 


14 (77.8) 


Chest tightness 


7 (38.9) 


Tachycardia 


6 (33.3) 


Flushing 


5 (27.8) 


Throat tightness 


5 (27.8) 


Nausea/vomiting 


4 (22.2) 


Hypotension 


4 (22.2) 


Angioedema 


4 (22.2) 


Dyspnea 


4 (22.2) 


Delayed reaction 


1 (5.6) 


Median carboplatin study cycle at time of initial HSR 


2 (1-5) 


Median cumulative carboplatin cycle at time of initial 


1 1 .5 (3-22) 


HSR 




Outcome 


Successfully continuing on study 


6 (33.3) 


Off carboplatin because of HSR 


5 (27.8) 


Off study for progression of disease 


5 (27.8) 


Off study for other reasons: 


2 (11.1) 


Elective withdrawal 


1 (5.6) 


Intolerable adverse effects 


1 (5.6) 


Abbreviation: HSR = hypersensitivity reaction. 



maximum due to repeat grades 2-3 HSR despite premedications 
and slow infusion. Six (33%) patients remain on trial and are 
continuing therapy per protocol following their HSR. Five (28%) 
discontinued therapy because of progression of disease, one (6%) 
patient for recurrent grade 3 neutropenia despite growth factor 
support, and one (6%) voluntarily withdrew to participate in 
another clinical trial. 

Risk factor comparison for carboplatin HSR. Previously 
reported risk factors for development of carboplatin HSR include 
age, history of allergy to medication and environmental factors, 
platinum-free interval, a single maximum dose of >650mg, and 
cumulative carboplatin exposure. We examined these risk factors 
as a function of HSR status (Table 3). The HSR group was further 
categorised into those who had HSR on trial and those with 
a previous history of HSR. The platinum-free interval and single 
maximum dose of >650mg on the current trial were analysed 
only in the patients who developed HSR on trial in comparison 
with those with no history of HSR. No statistical difference was 
observed in the previously recognised potential risk factors when 
the groups with any history of HSR, HSR on trial, or HSR before 
trial, were compared with patients with no HSR. However, 93% 
(27 out of 29) of patients with any history of HSR had a deleterious 
BRCA mutation, which was significantly higher than the 50% 
(29 out of 58) mutation frequency seen in patients without a 
history of HSR (P< 0.0001). Statistical significance was retained in 
the HSR subgroups: 89% of patients with HSR on trial (P = 0.005) 
and 100% of patients with a prior history of HSR (P = 0.0002) had 
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Table 3. Comparison of potential risk factors for HSR between patients with no history of HSR and patients with a histo 
or on trial, grouped together and subgrouped separately 


ry of HSR reaction either previously 






No history of 
any noix 


Any history 
OT noix 




HSR on study^ 




HSR before 
study^ 






N=58 (%/range) 


N = 29 (%/range) 


P-value'' 


iN/= 18 (%/range) 


P-value^ 


N=^5 (%/range) 


P-value^ 


Median age 


57 (28-80) 


53 (27-73) 


0.11 


51 (27-73) 


0.09 


56 (34-73) 


0.5 


History of allergy 


26 (44.8) 


18 (62.1) 


0.17 


9 (50.0) 


0.79 


10 (66.7) 


0.16 


Median platinum-free 
interval in months'^ 


15.8 


NA 


NA 


21.4 


0.2 


NA 


NA 




(5.7-82.4) 






(8.5-59.4) 








Single maximum dose 
>650mg^ 


10 (17.2) 


NA 


NA 


3 (16.7) 


1 


NA 


NA 


Median number of prior 
carboplatin cycles 


8 (2-42) 


12 (0-23) 


0.47 


9 (0-19) 


0.85 


13 (4-23) 


0.079 


BRCA mutation status"^ 


BRCA1 
BRCA2 

Any BRCA mutation 


25 (43.1) 

5 (8.6) 
29 (50.0) 


19 (65.5) 
7 (24.1) 
27 (93.1) 


0.069 
0.095 
<0.0001 


11 (61.1) 
4 (22.2) 
16 (88.9) 


0.28 
0.2 
0.005 


11 (73.3) 
4 (26.7) 
15 (100) 


0.046 
0.079 
0.0002 


Abbreviations: HSR = hypersensitivity reaction; NA = not applicable. 

^Four patients with prior history of HSR had HSR on study, creating an overlap between patients in the 'HSR on study' group and 'HSR before study' group. 
'^All P-values compared with no HSR. 

*^Platinum-free interval and maximum carboplatin dose >650mg on trial are relevant only to HSR on trial and were examined in the 'HSR on study' cohort only; NA = not applicable. 
*^One patient had both BRCA1 and 2 mutation and is counted once in 'any BRCA mutation' cohort; one patient had a BRCAPro of 68% and is counted in 'any BRCA mutation' cohort, but not in 
either of 'BRCA1' or 'BRCA2' cohorts. 



deleterious BRCA 1/2 mutations. Patients with on-trial HSR were 
further subdivided based on the grade of their reaction, which still 
showed a statistically significantly higher proportion of patients 
with HSR of any grade having a BRCA mutation compared with 
those without a reaction (P = 0.027). When all patients were 
categorised based on BRCA mutation status, 48% (27 out of 56) 
of patients with a BRCA mutation had a history HSR compared 
with 6% (2 out of 31) in those without a BRCA mutation 
(P<0.0001). 

Adjustment for potential confounding variables. A multivariable 
analysis was conducted to examine the role of potentially 
confounding variables, as well as to measure the impact of carrying 
a deleterious BRCA 1/2"^^* (Table 4). Age and number of prior 
carboplatin cycles (7-12 cycles) were not found to be independent 
risk factors. Nonsignificant risk was observed for previous history 
of allergy (odds ratio (OR) 2.3; 95% confidence interval (CI): 
0.82-6.4) and prior carboplatin cycles greater than 12 (OR 2.2; 95% 
CI: 0.65-7.6). BRCAl/2'^''* status was identified as a strong and 
independent risk factor for HSR with an OR of 13.1 (95% CI: 
2.6-65.4; P = 0.0017). The subset of patients who newly developed 
HSR on trial were analysed separately with all relevant risk factors 
including platinum-free interval and a single maximum carbo- 
platin dose >650mg. Carrying a deleterious BRCAl/2"^^* was an 
independent risk factor for HSR on study (OR 5.9; 95% CI: 
1.1-31.7; P = 0.039). These results identify deleterious germline 
mutation in BRCAl or 2 as an unanticipated susceptibility factor 
for HSR to carboplatin. 

Onset of carboplatin HSR and its impact on clinical outcome. 

We next hypothesised that carrying a deleterious BRCA 1/2"^^* may 
not only increase susceptibility, but may also change the timing of 
the onset of HSR. The timing of the HSR could not be ascertained 
in four patients with a prior history of carboplatin HSR; those 
patients were excluded, leaving 52 BRCA 1/2"^^* carriers and 31 
control patients for analysis. The time of first documented 
platinum HSR was used for patients with more than one reaction, 
and patients without a HSR were censored at the cumulative 



carboplatin cycle number of their last infusion. Mutation carriers 
had a significantly earlier onset of HSR in response to carboplatin 
exposure (Figure 1, P = 0.003). Patients without a BRCAl/2'^''* had 
a lower incidence of reaction after 20 cycles of carboplatin (8% vs 
54%). We then asked if developing a HSR any time during the 
patient's oncologic history affected clinical outcome on our study. 
No statistically significant difference in progression-free survival 
between patients with and without a history of carboplatin HSR 
was observed on the carboplatin-olaparib combination therapy 
(Figure 2A). In addition, no difference in progression-free survival 
was noted when BRCA 1/2"^^* carriers were subgrouped based on 
HSR status (Figure 2B). 



DISCUSSION! 



Carboplatin HSR is as an important adverse event in ovarian 
cancer patients who have repetitive exposure to platinum-based 
chemotherapy. Women with deleterious germline mutations in 
BRCA 1/2 tend to retain platinum responsiveness and may live 
longer, such that they may have a greater lifetime platinum 
exposure compared with those without a mutation (Ben David 
et al, 2002; Chetrit et al, 2008; Alsop et al, 2012). We examined 
HSR risk in women enrolled on our carboplatin/olaparib studies, 
a cohort enriched for women with germline BRCA 1/2 mutations. 
Our study demonstrates that a deleterious mutation or high 
BRCAPro score, a 'positive' BRCA 1/2"^^* status, is an independent 
risk factor for development of carboplatin HSR. In addition to 
increased susceptibility, a deleterious BRCA 1/2"^^* was associated 
with an earlier onset of HSR. The development of an allergic 
reaction to carboplatin, with its attendant potential for early 
carboplatin termination, did not adversely affect clinical benefit of 
the carboplatin/olaparib regimen in our 56 mutation carriers. This 
may have been influenced by the clinical activity of olaparib in 
mutation carriers and high-grade serous ovarian cancer patients 
(Fong et al, 2009; Gelmon et al, 2011). 
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Table 4. Multivariable logistic regression analysis of HSR risk factors 







Any history of HSR HSR on study 




Odds ratio 


95% CI 


P- value 


Odds ratio 


95% CI 


P-value 


Age 


0-55 

55-70 

>70 


Reference 
0.93 
1 


0.31-2.8 
0.13-8.2 


0.89 
0.98 


Reference 
0.5 
0.89 


0.13-1.9 
0.10-7.7 


0.32 
0.92 


History of allergy 


No 
Yes 


Reference 
2.3 


0.82-6.4 


0.12 


Reference 
1.4 


0.40-4.5 


0.64 


Platinum-free interval^ 


0-12 Months 
12-24 Months 
>24 Months 


NA 
NA 
NA 






Reference 
1.4 
2.6 


0.28-6.8 
0.49-14.1 


0.7 
0.26 


Single maximum dose^ 


^650mg 
>650 mg 


NA 
NA 






Reference 
1 


0.19-5.6 


0.98 


Prior carboplatin cycles 


0-6 

7-12 

>12 


Reference 
1.1 
2.2 


0.29-3.9 
0.65-7.6 


0.94 
0.2 


Reference 
1.1 
1.9 


0.26-4.7 
0.41-8.5 


0.89 
0.42 


BRCA mutation 


No 
Yes 


Reference 
13.1 


2.6-65.4 


0.0017 


Reference 
5.9 


1.1-31.7 


0.039 


Abbreviations: CI = confidence interval; HSR = hypersensitivity reaction; NA=not applicable. 

^Platinum-free interval and maximum carboplatin dose >650mg on trial are relevant only to HSR developed on trial and were examined in the 'HSR on study' cohort only. 



in platinum- sensitive patients. We found that HSR actually 
occurred with fewer platinum cycles administered in BRCA 
mutation carriers. This was contrary to our original hypothesis 
that BRCA 1/2"^^* carriers experienced more HSR because of 
greater overall platinum exposure. Other described risk factors 
include age <70 years (Joly et al, 2011), a history of allergy to 
environmental factors or medications (Markman et al, 2003; 
Gadducci et al, 2008), receiving single dose of carboplatin 
>650mg (Sugimoto et at, 2011), and platinum-free interval 
> 12 months (Schwartz et at, 2007), 13 months (Sugimoto et at, 
2011), or 2 years (Gadducci et al, 2008). In our cohort, these risk 
factors were not predictive of HSR, although our findings may be 
somewhat limited by our study population size. Another potential 
contributor to carboplatin HSR is the use of combination therapy. 
Carboplatin administered with paclitaxel had a 33.1% frequency of 
HSR compared with carboplatin with pegylated liposomal 
doxorubicin (15.5%, P< 0.001) in the CALYPSO study (Joly 
et al 2011). Our HSR incidence rate of 21% on trial is consistent 
with previously reported rates in the setting of recurrent ovarian 
cancer (Markman et al, 1999; Joly et al, 2011). We cannot dissect 
the role, if any, of olaparib on the frequency of HSR on trial since 
all patients received olaparib as part of the clinical trial regimen. 
There are no reports to date describing a possible increase in 
immunogenicity or hypersensitivity related to olaparib or other 
members of the PAR? inhibitor class. Recent studies in murine 
asthma model, however, suggest that PARPl inhibition may have 
anti- inflammatory effects by regulating IL-5 production (Datta 



100 




^- No BRCA mutation 
— BRCA mutation 



Log-rank test P-value: 0.0030 



10 20 30 40 50 
Cumulative carboplatin cycles 



60 



Figure 1. Kaplan-Meier analysis of the risk of development of HSR 
over cumulative cycles of platinum therapy. Patients are stratified by 
BRCA mutation status. 



Cumulative exposure of carboplatin is the most well- 
characterised predictive factor for development of carboplatin 
hypersensitivity (Markman et al, 1999; Gadducci et al, 2008). HSR 
is rare in the first few exposures. Multiple studies have shown 
increasing incidence of HSR as cycle number increases, with 
a median of eight cycles at the time of first reaction (Markman 
et al, 1999; Rose et al, 2003). As first-line treatment is generally six 
cycles, HSR tends to occur early in the second carboplatin regimen 
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Figure 2. (A) Kaplan-Meier analysis of the progression-free survival 
fronn study entry for the 87 patients on study. (B) Kaplan-Meier 
analysis of the progression-free survival from study entry for the 56 
patients with a positive BRCA mutation status. 

et al, 2011). Thus, olaparib is unlikely to have contributed 
significantly to increase the HSR rates in our cohort of patients. 

The clinical mechanism of hypersensitivity to platinum is 
unknown, but it is thought to be secondary to an IgE-mediated 
type I hypersensitivity or type IV T-cell-mediated hypersensitivity, 
particularly in delayed reactions (Makrilia et al, 2010). Carboplatin 
may act as a hapten that binds to serum proteins to elicit an 
immunologic reaction (Tonkin et al, 1993). Patients may be 
sensitised to the protein-platinum adduct beginning with the 
first-line treatment, with immunologic restimulation during 
subsequent regimens (Markman et al, 1999). Based on these 
findings, skin testing has been examined as a possible predictor of 
a reaction, but has not been shown to always reliably predict 
carboplatin HSR (Gomez et al, 2009). In addition to the platinum 
compounds bound to serum proteins, the DNA-platinum adduct 
itself may be immunogenic. Loss of normal BRCA function impairs 
homologous recombination required for error-free repair of DNA 
double-strand breaks that may occur secondary to torsion caused 
by or excision of interstrand platinum-DNA adducts (Farmer et al 
2005). It has been reported that dysfunctional BRCAl also 
disrupts nucleotide excision repair, the mechanism through which 
platinum adducts are repaired (Husain et al, 1998). Thus, impaired 
DNA repair may contribute to increase in the DNA-platinum 
adducts, subsequently augmenting exposure and possible HSRs to 
carboplatin. 

We observed no loss of clinical benefit from therapy in our 
BRCA 1/2"^^* patients with a history carboplatin HSR before or on 
study. Frequently, patients who develop carboplatin HSR will have 
platinum therapy discontinued because of concerns of potential 
subsequent life-threatening anaphylaxis. Some patients may be 
challenged with a different platinum, such as cisplatin or 



oxaliplatin (Gutierrez et al, 2002; Jones et al, 2003). Approaches 
incorporating pre-treatment with histamine blockers and corticos- 
teroids, with a progressive slow-infusion, can successfully manage 
reactions to administer additional carboplatin therapy (Rose et al, 
2003; Confino-Cohen et al, 2005). Our study patients with a prior 
history of carboplatin HSR received methylprednisolone, 
ranitidine, and diphenhydramine, and followed a progressive 
slow-infusion protocol. With the application of this approach, 4 of 
the 15 patients who had a prior history of carboplatin HSR (27%) 
developed HSR on trial, 3 of whom were successfully re-challenged 
with a modified slow-infusion protocol and received additional 
carboplatin doses. Only 5 of 18 patients (28%) who reacted to 
carboplatin on trial discontinued carboplatin secondary to their 
HSR. This suggests that, with appropriate premedications and 
infusion strategies, most patients with a history of HSR can receive 
subsequent carboplatin infusions without further issues. 

Potential weaknesses of our study include its single institution 
nature, study size, and patient recruitment to two studies with 
partial temporal overlap. Its retrospective nature prevented 
controlling for patient characteristics and possible confounders 
such as age, platinum-free interval, and number of prior 
carboplatin cycles. The treatment- defined dose of AUG 4 or 5 on 
trial meant that some patients, dosed for actual weight and 
creatinine (^0.6mgdr^), may have received an absolute dose of 
carboplatin > 650 mg, one of the previously suggested risk factors. 
In all, 15 of the 87 (17%) patients on study received at least one 
dose of carboplatin > 650 mg. However, there were no statistically 
significant differences in these parameters between those with or 
without carboplatin HSR in univariable and multivariable analysis. 

Our study demonstrates that a deleterious BRCA 1/2 mutation 
status is associated with a greater risk and earlier onset of 
carboplatin HSR, independent of other reported risk factors. 
Carboplatin re-treatment can be successful for ovarian cancer 
patients with prior history of HSR with appropriate premedications 
and a slow progressive infusion protocol. We suggest that careful 
observation for and management of HSR is necessary for BRCA 1/2 
mutation carriers because of this increased risk. 
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